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^p^mvention relates to a Hexible single- or multi-layer film having at least 
one polyamide layer containing from 10 to 2000 ppm of a nano-disperse nucleating 
agent. 

The fUm according to rhe invention is distinguished by good optical properties, high 
m echanical strength and good thermoformability. It can be produced particularly 

economically and reliably on conventional production insta.la.ions, especially flat- 

film installations. 

The mm, as a single-layer fum, may consist of only one PA layer or, as a muKUayer 
film, it may contain a, least one PA layer nucleated and composed according to the 
invention. 

Polyamide-containing films are widely used inter a*, in the packaging of foodstuffs. 

Advantages of the material po.yamide are high mechanical strength, a good barrier 
against oxygen, carbon dioxide and other non-polar gases, and high temperature 
stability and scratch resistance. In addition, unstretched po.yamide-contammg films 
can he shaped thermal*, that is to say deep-drawn into a shape suitable for 
accommodating goods placed therein. Films of polyamide are flexmle and 

important, for example, in the case of vacuum packagmg. 

.mportant properties of such films are a pleasing appearance, that is to say a high 
g ,oss and a low degree of Coudiness: in addition, high mechamca, resistance, 
especially in the form of high resistance to damage by bending and foldmg, 
hereinafter referred to as bending strength, _„^__HHi3mii44US- 
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r 0 ^deisasem,.rys,alUne«^ 

JL in a film is dependent to a large deg.ee on the processing cond.Uons and on 

NncleL al,ows the rate of formation of nuclei in the crystallisahon to be 

teased andamore finely crystalline structure to be obtamed. 

Polyamide films may be produced by the Oat-film or blown-film process . m fl* 

^ Lune as spared with the blown-film process. Correspond films « 
therefore generally be produced more economically. 

crystalline structure, as well as the relatively low gloss of the film. 

Fo r that reaso, nucleated prides are used according to the * 
, -„ a .notations As compared with non-nucleated polyanude, such 
Ita^— in the optica, properties, the bending strength and 

finely disperse crystallisation. 

fi-nm Raver AG as a well-known manufacturer of 

25304-9709 d,e / 4332845, 1997, p. 3]: 

a ♦ r Unorder to take into account the increased demands of the 

A ccordi„g.y, the following products in ,er have been developed »^ 
Medium-viscosity PA 6 types having a re.ative solut.on vrscos.ty m 
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from 3 5 to 3.8, provided with processing and nucleating agents (crystal nucleus 

high-viscosity types are: 

Single-layer flat films in small thicknesses (from 15 urn) can be produced with 
greater web stability at higher take-off speeds, 

Thigher degree of crystalling with a particularly fine-grained and dense spheruhte 

"mensional stability, less subsequent shrinkage as a result of crystallisation 

processes 

less cloudiness at higher chill-roll temperatures [...] 
higher bending strength [...]" 

me case of thin flat films continues to be Hmited by inadequate strong h. L,k w, 
lespondingfthnscontinuetohaveahighdegreeofcloudinessaswcnasashgh^ 

matt appearance to their surface. 

ne use of conventional nucleating systems, especially in the form of dispersed 
ftnely divided inorganic solid particles, is state of the art. WO 8802763 mentions in 
I Lection especially talcur, mica, kaolin and, less 

m asbestos, —urn, silica.es, silver bromide, graphite, molybdenum ^ 
Uthium fluoride, sodium pheny.phosphinate, magnesium ox.de, mercunc ^brom. e 
m ercuric cnloride, cadmium acetate, lead acetate, silver chloride, k,ese lg uhr .d 
L Thementioned systems are added in concenrrations of from one thousandth of a 
percent to one percent, based on the total weigh, of the nucleated polymer. 

to po.ymer ma.rices and, especially, po.yamides has likewise been known for 
30 , IX .ong time. Such sys.ems are descrrbed in concentrations of appro— 

from 0 3 to ,0 wt.%. Advantages that arc achieved are higher ri g .d,.y ow.ng .o 
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a.soahigheroxygen^erowingtoex.endedaim.sionpaU.stoough.hepol^ 
matrix. 

A nucleating action of nano-scale fillers is not described. 

EP 3584.5 discloses a film of a polype resin with layered siHcate uniformly 
versed therein, wherein the individua, layers of the layered silicate may have 

me pdyamide matrix separated by suitable opening and are a, dtstances of abou 
ZL L one another. Films produced using that materia, in con— 
Ir.2,o65w,%.avered silicate are distinguished as compared wuhmatenalso 

Lis as well as blown films with water cooling havtng the structure 
^adhesion promoter/PE-LD remahts unchanged as 
polyamide , By reference to given examples of PA6 films with a stepped — 
A Hicate the significant fall inbending strength and the increase mng.dt.ym 

r;:;::;:tr % — - — - 

generally no. suitable for fhe demands of the present case. 

wo O304U8 and WO 9311190 and WO 9304.17 of the same Applicant, disclose 

• of a few nanometres, which are obtained not oy 
, Xell but by incorporanon. There are described in ^ 

lTosi.es of PA6 and montmori.lonite and of PA6 and silicates havmg a filler 
f fiom 0 27 to 9 wt.%. However, measurements carried ou, on rods of the 



PCT/EP99/07325 



,ayer films are described. The films produced from that materia, may oprionally be 

of the required high bending strength, therefore, such systems are generaUy also 
excluded for the demands of the present case. 

EP8 l8 50Sdise 1 osesamixtareof fo m60to98%PAMXD6wi mft om2,o40»/ o of 
. aliphatic po, y amide that in turn contains inorganic particles of a - m * 

.escribed, in addition, muUi-layer films are described as rnou.dtn s * - . -ta 
produced therefrom. Ml the structures mentioned have the advantag of a htgh 

TZ*, ♦ » % PA6 containing nanopariiclesy/PA 6 exhibits no notable 
LoZen, in transparency. The main disadvantage of such structures havmg a 

!ft h e material. Accordingly, such structures are not suitab.e for the demands of 
present case. 

n:t — — — - — - - rrr: 

nharrier The optical properties of a film of a polyam.de 6 tilled 
improving the oxygen barrier. 1 ne opu v 

1 1 wt.% siUcate deteriorate significantly, however, as compared w.th he sys 
I it add,tive. The elongation a, tear also deteriorates, and the tens,, — 
fa „, Accordingly, corresponding films are 1— generaUy not su.table for 
present application. 
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The object was to provide a flexible po.yamide film that permits a higher product™ 
output than conventional types on Hat-film installations of the conventional type. In 
addition, the film is to exhibit high gloss and good transparency as well as a 
sufficiently high bending strength. 

That object was achieved according to ore invention by the provision of a single- or 
nru.ti-.ayer fihn having a, .east one .ayer (i) of a po.yamide with nano-scale 
nucleating particles dispersed therein, which film is characterised m that 

the smallest partic.e constituents forming a rigid unit in tire dispersion have as a 
number-weightedaverageof a„ tire constituents, a dimension no greater thanlOOnm 
in at leas, one direction mat is randomly selectable for each constituent, 

whenthe layer (I) is -led fromits fully molten state at a cooling rate of from 10° to 
20-C per minute, crystalline structures that emanate from the surface of the particles 

are formed, 

.he amount by weight of the particles, based on the total weigh, of the polyamide 
forming the layer (I), ^ fiom 10 ppm to 2000 ppm, 

the polyamide forming the layer (1> contains at least 90 % po.yamide 6, based on the 
total mass of the polyamide in that layer. 

m addition to one or more layers (I), the fihn according to the invention may also 
contain further po.yamide-containing layers that have a content o nano^ 
nucleating agent of less man .0 ppm or that are completely wUhou n»o sea, 
nucleating agent. However, that does no. bring any advantages wnhrn the context of 
the invention. 
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The polyamide forming ft. .ayer (I) and further layers consisung ofpo.yam.de may 
contain, in addition to po.yamide 6, po.yamides of .he types po.yam.de 0 
po.yamide .2, po.yamide 66, po.yamide 6.0, po.ya.nide 61, P o.yam. e 6,2 
po.yan.de 6/66, po.yamide 6V6T, po.yan.ide MXD6, po.yan.de 6/6. po.yam.de 
6/6T po.yamide 6/n>DI or other ahphatic or aromatic homo- and co-po.yam.des or 
mixtures thereof. Layer (I) preferably contains pure polyamide 6. Too high contents 
of other oolyarnides impair the web stabihty of the firm in particuia, 

conventLa, addUives «,a, improve the functionahty of the fl.m, such as , 
especiaUy ethy.ene-bisstearyamide. The outer .ayer may adc,t.ona„y - - 
Hocking agents. These are known so.id inorganic partic.es that stand ou, from .h 
Trial ofthe surface and in that manner improve the s.idi„ g behav.our of .he 
".icon dioxide, ca.cium carbonate, magnesium sihcate, a,— smca. 

dioxide is preferab.y used. Effective amounts are in the range from 0.. to wtV. 
plab.yLo,toO,w,. % .T h emeanpar«c,si Z eis to m.to.5u m ,part.^ 

having a spherical shape being especially smtable. 

^e amount by weigh, of Ore nano-scale nuc.eating particle, has. - £ «- 
W eight of the composition forming the .ayer (I), is preferab.y from 50 to .OOOpp 
preferably from 100 to 500 ppm. 

Preference is given to partic.es whose smal.es. constituents fonning a rigid unit in 
"on have a dimension in two random.y se.ectab.e direCons .at are 
;ip lu.ar to each Cher of at .east ten rimes dre s,e of .he — .s m , 
■Ition hav-ng the smaUest dimension of the cons.ih.en, The ^ ~ 
p.a.e-hke partic.es is preferab.y .ess than .0 nm. The partrcles used m layer (I) 
::Ib, P ,yered silica,, They may be se.ec.ed from ,e group cons.,ng o^ 
0 phy „„s,.ic,e S such as magnesium si.ica.e or a,um,n,um s.hca.e, as 
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montmoriUonite, saponite, beide.Hte, nontronite, hectorite, stevensite, vermicuHte, 
halloysite or their synthetic analogues. 

^ fi lm accordmg to - invention ma y be single- or * 
may contain la y ers (I) of different compositions. 

ta the case of a multi-layer fonn of the film according to the invention, it is 

nolvamide-contaming layers <uc f 

, fromStotOOum especiaUy from 10 to 50 urn and more especially from 

steps. 

.u M lin» laver (V) contains the polymers or mixiui 
a preferred form, the seahng layer (V) rf 

conventionally used as seaUng medium, from the group 
polymers, conventionally ^ a ^ ^ 

copolymers of ethylene and vmyl acetate (E/VA), p copolyrn ers 

^ coders of ethylene and unsaturated carhoxyltc a ^AA 

♦ „f „f the carboxylic acid monomer, basea on 
preferably having a content of the carboxy 

than 8 /o, sans 01 r carboxylic acid 

especial., E/MAA, preferably havmg a con ent of - V 

colnomer, based on the total weigh, of the ionomer, of not more than 
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preferred form of no, more than .0 %, low-density po.yethy.ene <FE-m>, 
, ■„ „f a, least 0 91 g/cm> and at most 0.935 g/cm , high- 
preferably having a denstty of a, teas 0.9! 
density polyethylene (PE-HD), copolymers (PE-LLD) of ethyl 
Having at ieast 3 carbon atoms, for example butene, hexene, octene, 4-med,y.-. 

Clna. calyTs or using metaUocene eataiysts. Of those copolymers spec., 
preference is given to copo.ymers (PE-LLD) of eihy.ene and olefins havmg a 
density of at least 0.90 g/cm' and at most 0.94 g/cm'. 

, ,„„on to the pdyamide-containing layer(s) and, optionally, the sealing 

irvOH-conWng iayers (HI) for improving the oxygen-bamer properf e £ 
I ers (11.) Prefers conning a, leas, SO wt. % , based on the -w* - - 

an especial* preferred form, an EVOH-contamtng .ayer (HI) plac 
polyamide-containing layers. 

, ddtion to the po.yamide-containing iayers, optionally the sealing layer and 
to add.t,on to po y fita accord . ng tQ the . mentlon 

optionaiiy a, least one EVOH-— g y , adhesion _ promoting layer is 

m av contain adhesion-promotmg layers (IV). Such an a p 

^ely a Uning adhesive hased on poiyurethanes or po.yes.er .ethanes, or 
extrudable adhesion promoter. 

, ddtion to me po.yamide-containing layers, optionaUy the seaiing .ayer and 
' ;l at e! ol EVOH-— g .ayer and adhesion-promoting .ayers, the 

!0 the production of single- or multi-layer Hints. 
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operation once it has been extnrded. Orientation ma, take place oniy m the 
.ongitudina, direction, oniy in the averse direction, first in the iongttudma and 
.Hen in the transverse direction, in the iongitudina, and transverse dtrec.ons 
simuhaneousiy, or in combinations of those step, The stretching may be earned ou, 
fortheentiremulti-layerfitaorforpartialcompositesthereftom. 

THe muiti-iayer film according to the invention may be provided with a layer of a 
dioxide, which canbe represented by MOx, on the outside or between two ,nne 
That layer preferabiy has a thicks of from S to 2 00 nm. In the menttoned 

or between individual layers. 

1, as a Hat fUm, permits a —y improved web stabUity .dn— 
Higher take-off speeds as compared with lihns according to the pnor art. Thrs 
better use to be made of existing resources. 

.contrasttoconventionainucieatedpoiyamides, the ft.m 

additionaUy has better transparency. The fum is flexibie and phabie and 

distinguished by a high bending strength. 

XHe fact that the mentioned properties were obtained with the addition of only the 
smaHestamoun.ofnano-sca.enucieatingf.Herswasunexpectedtothemvento, 

Contrary to the pubhshed prior art, according to which nucleating agents do no, lead 
o any Irther mcrease in effectiveness above a given, system-speciftc con- 
ing the nuc.eating nano-scale filers used in the present case m too gr - - 
amount resuits in the ft.m becommg very brittie. In addition, when the f.Un 
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produced as a fta, m, waves are formed on the casting ro„, wh.cn resuUs » 
La W emr» S .«was no, ,o t e expected *atUwo„ ld „epossi W eo„ ly by „s,n g the 

of adding too great an amonnt, while retaining the advantages. 
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Examples 

Six sing.e-.ayer polyamide 6 flat film, having a thiclcness of , 5 ,m were proved 

^Candacircumferen tial speed of.40nV.nin. in each case, The dwell bme of 
the film on the casting roll was 0.4 second. 

The six samples differ in respect of the content of nano-scale nucleating agent. A 
polyamide 6 nucleated in the conventional manner with talcum was used as 
comparison sample. 

In detail, the following films were produced: 
Companson^xam£!e01£lk 

Pita of polyamide 6 containing 600 ppm of euny.ene-bisste.y.amide and 
relative solution viscosity of 3.8 in m-cresol. 

Fita of a mixture of two po.yamides, 99 wt.% of the mixture bemg formed by the 
'tamide of Comparison Example 1 and , wt.% of the mixhrre bemg formed by 
polyamiae 01 w v m _ creS ol and containing 

pol yamide 6 having a relative solution vtscos.ty of 3.6 m m creso 
i of layered silicate (mon—nite) dispersed innano-scale plate form Th 
a y e re d siheate of the po.yamide 6 has thicUnesses of approximate, y one — 
L plate diameters of from ,00 ,„ 1000 nm. ,n contrasted «r— 
miclope image, crystallites emanating from the surface of the ^ - 
^own mto the polyamide matrix can be seen ,n the case of Example 
Comparison Examples 2 to 6 prepared here. 
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A content of nano-scale nucleating agent of 200 ppm is obtained, 
r,— ..pli- .1 (ES): 

olyamide . types use, - in tbe same order, of 95 to 5 «.* ; - - - » - 

^o/^contcntofnano-scaienudeatingagentoflOOOpprntsobtanted. 

ExamEle4iE4): 

, B*amp,e 2, but consisting of a polyamide « having • 
polyamide 6 types i 
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Film as in bxamp.c „ - - - of 99 tQ 

e o vypcs used, listed in the same order, of 92.5 to 7.5 wi 
.^.Acontentofnano-scalenucleatingagentoflSOOppmisobtamed. 



Oniyvj!j±inTi F™™p'<* 5 (C5>: 

polyamide 6 types used, Hsted in the same order, of 70 to wt 

I Acontentofnano-scale nucleating a g en.of6000 ppm -sobtatned. 

Fita of polyamide 6 having a relative solution viscosity of 3, in m-creso. and 
• • , - V of .avered silicate (montmorillonite) dispersed m nano-scale plate 
contaunng 2 wt. A of * I ^ ^ „ ^ 

form It is the polyam.de 6 used m Example I in p y 
rwt.%.«hasac„ntento f „an O .sca,enucleaUnga g e„,of20,000ppm. 

the samples that were produced, as follows: 
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„ f 23-c and a relative humidity of 50 %, by 
The bending strength a. a temperature having a le „gth 

ro „ingu P aportiono t mes r p 1 e 1 nas ; ^er, f ^ ^ ^ ^ ^ ^ 

of 198mm and a crrcumference of 2^ ^ ^ fey ^ 

app.priateiyshapedhCdingdevtee, ^^ * ^ ^ 

fllm between the hoiding devrces , 192 • ^ ^ ^ 

44fJ . about the a*is of symmetry d— gj* * ^ ^ . 

brought together to a distance of «0 - ^ stored beforehand for V 

days in a climate of 23 C and num ber of strokes 

„s that have thus formed m « *« * ^ and at the 

same time bringing the other ^ ° ( ^ fcy m , can be seen on the 

paper. The number of ^*^Z-**<*-****»-*" 

values from two test samples. 
Cloudiness according to ASTMD 1003. 

, f on° according to DIN 67530. 
^^ssontheoutsideofmemmatanangleof^aeco 

of Ore film from the castmg roll m the repo ^ ^ ^ 

th at films with a high ^J^^Z^ in a negative assessment. The 
casting roll. The occurrence of . + _ ^ 

I esu.tswerediv l ded,n.otheca,egor,es ++ veryg 

Tbe results are summansed in the table below. 
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Characteristic (unit) 



Content of nano-scale 
nucleating agent (ppm) 



Gloss (gloss units) 



Cloudiness (%) 



Example (E) or Comparison Example (C) 
PA6 single-layer films, thickness = 15 um 
E3 



93 

5.r 



Number of holes after 
500 strokes 



Producibility 



3.0 



E2 
200" 



123 



2.3 



1000 



2.5 



4.0 



1500 



6000 



1.6 



Properties 



of the Examples and Comparison Examples 



1.7 

183" 



C6 



20,000 



152 
~L9~ 



Nntes regar^f* producibility: 

.. The film sticks to the casting roll in the edge region and over-stretches when 
removed. 

... The film forms a longitudinally oriented wave structure on the castmg roll. 



